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malalignment, medial cartilage damage, and BMI (predictors) with medial
meniscal extrusion (outcome), as well as the cross-sectional association of
lateral meniscal tears, valgus malalignment, lateral cartilage damage, and
BMI (predictors) with lateral meniscal extrusion, using logistic regression
with generalized estimated equations to account for correlations among
the subregions within a knee (using one knee per person). All covariates
were simultaneously entered into the model.
Results: 1527 subjects (2119 medial and 2108 lateral menisci) were in-
cluded (women 60.2%, mean age 62.3±8.0, mean BMI 30.1±5.0). Medially,
meniscal tears, varus malalignment, and cartilage damage were signiﬁ-
cantly associated with meniscal extrusion, with odds ratios (OR) of 6.5 [95%
CI 5.1, 8.2], 1.9 [95% CI 1.5, 2.3], and 1.4 [95% CI 1.1, 1.7] respectively (Table
1). Laterally, meniscal tears, valgus malalignment, and cartilage damage
were signiﬁcantly associated with meniscal extrusion, with ORs of 10.5
[95% CI 7.3, 15.2], 2.0 [95% CI 1.4, 3.0], and 2.2 [95% CI 1.5, 3.2] respectively
(Table 2). Higher grades of meniscal tears had stronger associations with
extrusion in both menisci. No signiﬁcant association was found for BMI.
Table 1. Associations assessed for medial meniscal extrusion
Prevalent extrusion Adjusted OR*
(95% CI)Absence Presence
at baseline at baseline
(score = 0) (score ≥ 1)
Absence of meniscal tear at baseline
(score = 0) 1004 (47.4%) 395 (18.6%) 1.0 (reference)
Presence of any meniscal tear at
baseline (score ≥ 1)*** 176 (8.3%) 541 (25.6%) 6.5 (5.1, 8.2)**
Extent of meniscal tear***
Grade 1 41 (1.9%) 59 (2.8%) 3.7 (2.4, 5.8)**
Grade 2 90 (4.2%) 195 (9.2%) 4.8 (3.6, 6.4)**
Grade 3 45 (2.1%) 287 (13.6%) 12.8 (8.9, 18.5)**
Alignment****
Neutral and valgus malalignemnt 722 (34.1%) 415 (19.6%) 1.0 (reference)
Varus malalignment 452 (21.3%) 511 (24.1%) 1.4 (1.1, 1.7)**
Medial tibiofemoral cartilage damage*****
Absence at BL (grades 0 and 1) 576 (27.2%) 204 (9.6%) 1.0 (reference)
Presence at baseline (grade ≥ 2) 604 (28.5%) 730 (34.5%) 1.9 (1.5, 2.3)**
CI: conﬁdence intervals. *Adjusted for age, gender, BMI, and other potential confounders
when assessing each predictor; **statistically signiﬁcant deﬁned as p<0.05; ***3 missing
values; ****19missing values; *****5missing values.
Table 2. Associations assessed for lateral meniscal extrusion
Prevalent extrusion Adjusted OR*
(95% CI)Absence Presence
at baseline at baseline
(score = 0) (score ≥ 1)
Absence of meniscal tear at baseline
(score = 0) 1795 (85.2%) 97 (4.6%) 1.0 (reference)
Presence of any meniscal tear at
baseline (score ≥ 1)*** 112 (5.3%) 102 (4.8%) 10.5 (7.3, 15.2)**
Extent of meniscal tear***
Grade 1 29 (1.4%) 7 (0.3%) 3.2 (1.3, 7.6)**
Grade 2 55 (2.6%) 34 (1.6%) 8.3 (5.0, 13.8)**
Grade 3 28 (1.3%) 61 (2.9%) 22.7 (13.1, 39.1)**
Alignment****
Neutral and varus malalignemnt 1584 (75.1%) 114 (5.4%) 1.0 (reference)
Valgus malalignment 308 (14.6%) 83 (3.9%) 2.2 (1.5, 3.2)**
Lateral tibiofemoral cartilage damage*****
Absence at BL (grades 0 and 1) 1123 (53.3%) 50 (2.4%) 1.0 (reference)
Presence at baseline (grade ≥ 2) 783 (37.1%) 149 (7.1%) 2.0 (1.4, 3.0)**
CI: conﬁdence intervals. *Adjusted for age, gender, BMI, and other potential confounders
when assessing each predictor; **statistically signiﬁcant deﬁned as p<0.05; ***2 missing
values; ****19missing values; *****5missing values.
Conclusions: Meniscal tears are not the only factors associated with
meniscal extrusion; other factors include knee malalignment and cartilage
damage. Meniscal extrusion seems to be a result of the complex interrela-
tion of the different joint tissues and biomechanical loading involved in the
OA process.
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Purpose: Crepitus in the knee joint is a very common ﬁnding during
physical examination, and may be related to damage occurring in various
articular structures. The aim of this study was to determine the cross-
sectional association of structural pathology in the knee assessed by MRI
with crepitus in a population-based cohort with knee pain.
Methods: Subjects with knee pain were recruited as a random population
sample in the Greater Vancouver area into a study to develop a model for
the diagnosis of early knee osteoarthritis (the MoDEKO study). On knee
physical examination, general and compartment-speciﬁc crepitus (medial
and lateral tibiofemoral - MTF and LTF; and patellofemoral - PF) was
assessed as present or absent using a previously validated and standardized
approach. MRI of the more symptomatic knee at 1.5T was performed, using
triplanar fat-suppressed (FS) T1w 3D spoiled gradient-recalled acquisition
in the steady-state, coronal FS T2w fast spin-echo (FSE), sagittal FS T1w
FSE, and sagittal T2w FSE.MR images were evaluated by an experienced
musculoskeletal radiologist who was blinded to clinical data. Cartilage
morphology of each compartment was graded from 0 to 4 (grades ≥
2 indicate chondral defects). Meniscal morphology was graded from 0
to 2 (grade 2 indicates tears). Osteophytes were graded from 0 to 3 in
each compartment (grades ≥ 2 indicate deﬁnite osteophytes). Cruciate
and collateral ligaments were graded from 0 to 3 (grades ≥ 1 indicate
pathology). In compartment-speciﬁc analyses, cartilage defects and deﬁnite
osteophytes were considered predictors in all compartments. Meniscal
tears and collateral ligament pathology were considered predictors at MTF
and LTF. To evaluate the association of general crepitus with whole-knee
pathology, predictors included cruciate ligaments along with other internal
structures assessed. A multiple logistic regression was performed to adjust
for potential confounders.
Results: 255 knees (1 knee per subject) were included. General crepitus
was present in (rounded weighted n) 180 (70.5%) knees. Compartment-
speciﬁc crepitus was present in 44 (17.3%) MTF, 48 (18.7%) LTF, and 173
(67.9%) PF. Cartilage defects were present in 178 (69.8%) MTF, 151 LTF,
and 179 (70.1%) PF. Osteophytes were present in 95 (37.1%) MTF, 90
(35.3%) LTF, and 102 (39.9%) PF. There were 95 (37.3%) medial and 30
(11.9%) lateral meniscal tears. There was 23 (9.2%) cruciate and 48 (18.8%)
collateral ligament pathology. In the fully adjusted whole-knee model,
only meniscal tears were associated with an increased risk for general
crepitus with an odds ratio (OR) of 3.4 (95%CI 1.7, 6.7). When evaluating
each compartment separately, an increased risk for compartment-speciﬁc
crepitus was associated with osteophytes at the PF (OR of 2.4 [95%CI 1.3,
4.5]), and with osteophytes and medial collateral ligament pathology at the
MTF (ORs of 2.7 [95%CI 1.2, 6.1] and 2.6 [95%CI 1.2, 6.0] respectively).
Conclusions: In this population-based cohort of subjects with knee pain,
pathology in several internal structures including osteophytes, menisci, and
the medial collateral ligament was associated with an increased risk of
crepitus. Clinicians must be aware that the presence of crepitus during
physical examination of the knee may be associated with pathology in
several internal structures.
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Purpose: Based on experimental and clinical studies, femoroacetabular
impingement was proposed to cause early osteoarthritis (OA) in the non-
